Abstract. This paper researched the performance of the Capon beamformer and MUSIC algorithm using to estimate the direction of single narrow-band interference. The simulation was performed in the BDS (BeiDou Navigation Satellite System) B3 band (1268.52±10.23MHz) with four-element rectangular and linear antenna arrays. The simulation results show that the dimension of the interference direction-finding is related to the antenna array. The linear array can only estimate the elevation angle. The rectangular array can simultaneously estimate the elevation angle and azimuth. Under ideal conditions, the accuracy of both algorithms is better than 2.
Introduction
Working with complex electromagnetic interference, military GNSS receivers require certain interference detection and suppression capabilities. At present, GNSS anti-interference technology has been developed, but interference detection and recognition technology has rarely been studied. Interference direction finding is a difficult point in interference detection and recognition technology. Spatial spectrum estimation is a kind of widely used direction-finding technique. The spatial spectrum estimation technique is based on array signal processing, which can perform super-resolution estimation on multiple signals, and has better performance in angle recognition. Therefore, two kinds of spatial spectrum estimation technique Capon beamformer and multiple signal classification (MUSIC) algorithm were chosen as interference direction-finding algorithms in this paper.
Single-Interference Direction-Finding Antenna Array Model

Antenna Model of B3 Half Wavelength Rectangular Array and Linear Array
The two antenna arrays have different array flow patterns and steering vectors. Considering the compatibility with anti-jamming algorithm, the rectangular array and linear array are chosen as interference direction-finding antenna array. Both arrays are made of Arlon AD255A base material, and the distance between adjacent arrays is half of the wavelength of B3 central frequency point. The initial phases of each element in the rectangular array differ by 90 degrees in turn, while the initial phases in the linear array are the same.
Phase Difference between Elements of Array
In order to obtain the guidance vectors and array manifold matrices of rectangular and linear arrays, it is necessary to know the phase difference of each array element. When the interference signal is incident at an angle A and the reference point is the origin of Cartesian coordinate system, the phase difference between any point P and the reference point in space is as given in Eq.1.
Choosing 1 th element as the reference element, in rectangular array and linear array, the phase difference of interference signals received by each element is given as Eq.2 and Eq.3, respectively. , which is only related to the distance between elements. Therefore, under ideal conditions, for narrowband interference signals, the guidance vector of four-element antenna array is as shown in Eq.4.
If multiple narrowband interferences are achieved simultaneously, the array manifold matrix of four-element antenna array under ideal conditions is given as Eq.5. (0) 
here,  i is the center frequency of the th i narrowband interference signal arriving in the B3 band.
Beidou B3 Channel Single Interference Direction Finding Algorithm
In this paper, the classic Capon beamformer and MUSIC algorithm are used to estimate the direction of the Beidou narrowband interference signal. The Capon beamformer, also known as the Minimum Variance Distortion Response (MVDR) beamformer, provides a spatial spectral estimation method that does not rely on any fundamental signal model. The MUSIC algorithm eigen-decomposes the covariance matrix of the antenna array output to obtain a signal subspace formed by the incident signal component and a noise space orthogonal to the signal subspace, and then estimates the signal by using the orthogonality of the two subspaces.
Capon Beamformer
If the B3 signal is () St , the narrowband interference signal is () Jt and the noise is () Nt in the frequency band of B3, the signal vectors received by the four-element array antenna at T-Time under ideal and nonideal conditions are shown as Eq.6 and Eq.7.
An autocorrelation operation is performed on the array observation signal vector () Xk to obtain an autocorrelation estimation matrix
(K is a snapshot number) of the signal sample. Then, matrix inversion is performed on xx R , and the peak search is performed on the Eq.11 by using the steering vector ()  with the signal incident direction as the parameter. When the steering vector to be searched coincides with the direction of the interference signal, the maximum value appears in the Eq.8, and the steering vector angle corresponding to the maximum value point is the incident direction of the interference signal.
Here,  is the pitch angle to be searched. To estimate both the elevation and azimuth, Eq.8 is extended to Eq.9, where  is the azimuth to be searched.
MUSIC algorithm
The MUSIC algorithm also needs to perform autocorrelation operation on the signal observation vector to obtain the autocorrelation estimation matrix of the signal sample. Different from the Capon beamformer, the MUSIC algorithm performs eigen decomposition on xx R , uses the decomposed eigenvalues to judge the number of signal sources, and divides the signal space into mutually orthogonal signal subspaces S and noise subspace G according to the eigenvectors corresponding to the size eigenvalues. Then, according to the signal parameter range, the peak search is performed on the Eq.14 by using the steering vector ()  with the signal incident direction as a parameter. Similarly, when the steering vector to be searched is consistent with the interference signal, the Eq.12 appears at its maximum, and the angle of the steering vector corresponding to the maximum value point is the incident direction of the interference signal.
To estimate both the elevation and azimuth, Eq.12 is evolved to Eq.13.
Simulation Results
In this paper, the direction-finding performance of Capon beamformer and MUSIC algorithm in B3 half-wavelength four-element rectangular array and line array is simulated. The simulation parameters are shown as Table 1 . 
Simulation Results of Uniform Linear Antenna Array
As shown in Fig. 1(a) and Fig. 1(b) , when the one-dimensional elevation angle estimation is performed under ideal conditions, the estimated results of the Capon beamformer and the MSUIC algorithm are 29.7 ˚ and 30.6 ˚, respectively, and the errors are within 1˚. Comparing Fig. 1(a) and Fig. 1(b) , it can be seen that the MUSIC algorithm has higher angular resolution than the Capon beamformer under the same array spacing and number of elements. However, when performing two-dimensional estimation of azimuth and elevation angles, the linear array will have a problem of fuzzy estimation of angles, as shown in Fig. 1(c) and Fig. 1(d) . 
Simulation Results of Uniform Rectangular Antenna Array
Different from the linear array, under ideal conditions, the half-wavelength four-array rectangular array can accurately estimate the azimuth and elevation angles of a single narrow-band interference direction. The simulation results are shown in Fig. 2 . When the one-dimensional elevation angle estimation is performed, the pitch angle estimation results of the Capon beamformer and the MUSIC algorithm are 29.7 ˚ and 30.6 ˚, respectively, and the error are within 1˚. In the two-dimensional angle estimation, the estimated result of the Capon beamformer is (45 ˚, 30.6 ˚), the estimated result of the MUSIC algorithm is (45 ˚, 29.7 ˚), the azimuth angle estimation error is less than 1 ˚, and the pitch angle estimation angle error is less than 1 ˚. Whether it is a one-dimensional angle estimation or a two-dimensional angle estimation, the MUSIC algorithm has a higher angular resolution than the Capon beamformer, which shows that the peaks obtained by the search are sharper. 
Conclusion
In this paper, the direction finding performance of the Capon beamformer and MUSIC algorithm for the single narrowband interference signal in the Beidou B3 band has been simulated. The simulation results show that the two algorithms can accurately estimate the pitch angle of the interference signal in both formations. When the algorithm is applied on the rectangular array, the azimuth of the interference direction can be estimated simultaneously.The mutual coupling between the array elements and the amplitude difference of the array elements will lead to the loss of the angular accuracy of the two algorithms. However, the mutual coupling of the array elements and the amplitude and phase difference matrix of the array elements can be obtained by using the active calibration method for the antenna elements. Error correction can be performed by using matrix inversion in the algorithm.
